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Abstract

Background Atopic dermatitis (AD) affects both adults and children, impacting their quality of life and productivity; how-
ever, traditional systemic treatments such as cyclosporine have limitations. Emerging novel systemic interventions, including
monoclonal antibodies and Janus kinase (JAK) inhibitors, have been shown to improve patient outcomes.

Objective This study evaluates the cost-effectiveness of novel systemic interventions for moderate-to-severe AD in adults
compared with the best supportive care (BSC) in Singapore.

Methods The economic evaluation used a hybrid model consisting of a decision tree and Markov model. Treatment responses
at 16 weeks were based on a network meta-analysis that was developed specifically for this study. Long-term response, dis-
continuation rates, episodes of flares and treatment-emergent adverse events were obtained from key dupilumab, abrocitinib,
baricitinib and upadacitinib trials. The study had a 5-year time horizon and considered the healthcare payer's perspective.
Sensitivity and scenario analyses were performed as well.

Results Baricitinib 4 mg and 2 mg have the lowest incremental cost-effectiveness ratios, at Singapore dollars (S$) 60,730/quality-
adjusted life-year (QALY) and S$66,842/QALY, respectively. Upadacitinib 30 mg offers the highest incremental QALY gain, while
baricitinib 2 mg offers the least. The cost of the intervention drugs accounted for the highest proportion of the overall expenses
(68-93%) for those in the maintenance state. Other influential factors within the model included (1) the incremental utility derived
from intervention response; (2) the probability of achieving Eczema Area and Severity Index 75 (EASI-75) with BSC; and (3) the
relative risk of achieving EASI-75 with the interventions. In a scenario where the cost of all drugs is matched to the lowest-priced
drug, the top three cost-effectiveness interventions are dupilumab, upadacitinib 30 mg and abrocitinib 200 mg, respectively.
Conclusion The interventions are not found to be cost-effective at their existing prices when compared with BSC. Ideally, a
composite score of treatment success and quality-of-life scores ought to be included, but such data were unavailable. Future
research should consider conditional discontinuation data and long-term outcomes when such data become accessible.

Key Points for Decision Makers

While several novel interventions for atopic dermatitis,
such as dupilumab, abrocitinib, baricitinib and upadaci-
tinib, may improve the quality of life for patients, they
may not be cost-effective due to the cost of these inter-
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1 Introduction

Atopic dermatitis (AD) is a common and chronic skin con-
dition, characterised by dry, itchy and inflamed skin [1],
that affects about 11.1% of adults [2] and 20.8% of children
and adolescents [3] in Singapore. It may arise for various
reasons, including immune system activation, genetics,
environmental triggers, and stress [1]. The disease course
is chronic but intermittent, and when active, the intense
pruritus and rash can be debilitating [4]. The skin appear-
ance may cause social embarrassment and isolation, which
consequentially leads to work impairment and productivity
loss, school absenteeism, as well as an overall decrease in
quality of life [2].

For patients with moderate-to-severe AD, cyclosporine
(CsA) has been a mainstay among patients with inadequate
response to topical therapy, such as topical corticosteroids
(TCS). Nevertheless, the administration of CsA should be
discontinued after 1 year due to safety concerns of possible
nephrotoxicity risks [5]. After discontinuation of CsA, some
patients may experience inadequate disease management.

Novel systemic interventions, including monoclonal anti-
bodies and Janus kinase (JAK) inhibitors, have emerged as
alternative treatments for patients with moderate-to-severe
AD. Dupilumab [6, 7], a human monoclonal immuno-
globulin (Ig) G4 antibody, disrupts interleukin (IL)-4 and
IL-13 signalling by binding to IL-4Ra subunits. Conversely,
abrocitinib [8, 9], baricitinib [10-12], and upadacitinib [13,
14] are reversible, selective inhibitors of JAKs—vital cyto-
plasmic protein tyrosine kinases essential for cell nucleus
signal transduction. A network meta-analysis (NMA) by
Drucker et al. [15] encompassing monotherapy and combi-
nation trials of these four intervention drugs demonstrated
their notable impact on Eczema Area and Severity Index
(EASI) scores versus placebo. Additionally, these interven-
tions yielded enhanced patient quality of life, evidenced by
changes in Patient-Oriented Eczema Measure (POEM) and
Dermatology Life Quality Index (DLQI) scores. Abrocitinib
[16], baricitinib [17], dupilumab [18], and upadacitinib [19]
have subsequently secured Health Science Authority (HSA)
approval for treating moderate-to-severe AD in adults in
Singapore.

In light of the emerging therapeutic options, this study
aims to comprehensively assess the cost-effectiveness of
these interventions for the local population of patients with
moderate-to-severe AD, specifically from the perspective of
the decision makers within the Singapore healthcare system.
Understanding the cost-effectiveness of these interventions
is crucial for informing healthcare policies and resource
allocation decisions in Singapore. In this paper, we present
a detailed methodology encompassing data sources, model
structure, and analytical techniques to achieve this.
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2 Method
2.1 Model Validation

A scoping workshop was convened initially to delineate
the relevance of the model to local clinical practice and
patient needs. This process encompassed several key com-
ponents, including understanding the heterogeneity within
patient populations, selecting appropriate surrogate outcome
measures, describing the significance of various treatment-
emergent adverse events (TEAESs), and elucidating how
the anticipated clinical benefits manifest within the local
context. Additionally, efforts were made to identify suitable
comparators and comprehend the clinical pathways associ-
ated with the administration of intervention and comparator
drugs.

Throughout this process, the medical experts engaged in
comprehensive discussions regarding the model schematic,
relative efficacy of interventions, and resource utilisation
considerations. Subsequently, a follow-up consultation
workshop was conducted, during which the outcomes of the
NMA and proposed parameterisation for the model were
presented. Moreover, simplifying assumptions and strategies
for addressing missing data were established and collectively
endorsed. Following the completion of the cost-effectiveness
analysis, the base-case results and sensitivity analyses were
also presented to these experts.

After extensive discussions and consideration of diverse
viewpoints, consensus among the medical experts was
reached through transparent deliberation. We iteratively
weighed evidence, evaluated implications for local practice,
and adhered to established guidelines. Any remaining disa-
greements were addressed through further exploration until
all members agreed on the final decisions.

The medical experts in these workshops included heads of
departments from dermatology departments across various
hospitals within distinct healthcare clusters in Singapore.
Additionally, clinicians from the KK Women's and Chil-
dren’s Hospital were invited to contribute their insights, par-
ticularly concerning the treatment pathways involving these
intervention drugs in the adolescent population, despite the
eventual exclusion of this demographic from the model. The
involvement of pharmacists and nurses further enriched the
discussions and ensured a comprehensive exploration of rel-
evant clinical perspectives.

2.2 Patients Population

The population of interest is adults (aged 18 years and
older) with moderate-to-severe AD who achieve inadequate
response to, cannot tolerate, or are contraindicated to CsA.
The model considers patients with characteristics similar
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to those in the BREEZE AD-4 trial [10]. Referencing the
placebo + TCS arm, patients have a mean age of 38.7 years,
and 62.4% have prior CsA use. All patients taking any inter-
vention drugs are treated in combination with TCS and topi-
cal calcineurin inhibitors (TCI), also known as combination
therapy.

2.3 Model Structure

A hybrid model with a decision tree and Markov model
structure (Fig. 1) was designed on TreeAge Healthcare Pro
to capture short-term (first year) and long-term (second to
fifth year) effects of treatment. The interventions taken in
combination with TCS include (1) dupilumab, taken once
every 2 weeks; (2) abrocitinib 100 mg, taken daily; (3)
abrocitinib 200 mg, taken daily; (4) baricitinib 2 mg, taken
daily; (5) baricitinib 4 mg, taken daily; (6) upadacitinib
15 mg, taken daily; and (7) upadacitinib 30 mg, taken daily.
The choice of interventions is justified by their status as
novel systemic therapeutics increasingly prescribed within
the local healthcare system, with the potential to replace
current standard of care if proven cost-effective. The inter-
ventions are compared with the best supportive care (BSC),
which involves treatment with TCS and TCI only. The model
is available as electronic supplementary material (ESM).

The short-term parameters for the model include the
probability of responding to treatment at week 16 and the
probability of unsustained response to treatment between
weeks 17 and 52, whereas the long-term parameters include
the discontinuation from treatment and the survival of
patients. Outcomes in the Markov model were modelled
over a 4-year time horizon, with each cycle representing
1 month (48 cycles in total). The 4-year time horizon in the
Markov model was selected due to the absence of long-term
treatment data to inform the longer-term disease course of
AD. An annual discount rate of 3% is applied to all costs
and QALYs in the Markov model [20]. In this study, we
conducted the cost-effectiveness analysis from the healthcare
payer’s perspective.

Our analysis adheres to the standards of Health Tech-
nology Assessment (HTA) practices in Singapore, focus-
ing solely on direct healthcare costs from the perspective of
the healthcare payer. While the Drug Advisory Committee
does not use a precise incremental cost-effectiveness ratio
(ICER) threshold, we consider historical evidence, which
suggests that positive subsidies for drugs in Singapore typi-
cally do not exceed Singapore dollars (S$) 45,000 per qual-
ity-adjusted life-year (QALY) gained or S$75,000/QALY
depending on the drug being evaluated [21].

2.4 Treatment Response, Discontinuation
and Mortality

Treatment response at week 16 is defined by a 75% decrease
in EASI (EASI-75) score after the patient has received treat-
ment. The selection of EASI-75 as the primary outcome was
based on consensus among key stakeholders, following the
guidelines of the global Harmonising Outcome Measures for
Eczema (HOME) initiative, affirming EASI as the preferred
core instrument for assessing clinical signs in AD trials [22].
The probability of achieving EASI-75 in the BSC arm is
informed by the proportion of patients achieving EASI-75
in the placebo + TCS arm in the BREEZE AD-4 trial [10].
We conducted an NMA to inform the relative risk ratios of
the treatment effect between the interventions of interest and
BSC (see ESM 1). The probabilities of achieving EASI-75
in the intervention arms are thus obtained by applying the
respective relative risk ratios to the proportion of patients
achieving EASI-75 in the BSC arm.

The probabilities of unsustained response between week
17 and week 52 are informed by the unconditional discon-
tinuation risk due to lack of efficacy from long-term trials
[6, 10, 23]. The unconditional discontinuation risk due
to all causes informed the monthly probabilities of treat-
ment discontinuation in the Markov model. No trial data
beyond 16 weeks were available for abrocitinib, therefore
the probabilities of treatment discontinuation for patients
taking abrocitinib are assumed to be equal to patients
taking upadacitinib, as supported by medical experts. To
derive probabilities across various time durations, such as
for the purposes of extrapolation, adjustments are made
using the formula —In(1 — p)/t to obtain the instantaneous
rate. Subsequently, the period-appropriate proportion and
probabilities are obtained using 1 — ¢, after adjusting for
time. By using this equation, we assume the hazard to be
constant over time. Table 1 presents the transition prob-
abilities used in the model.

The daily dosage of TCS and TCI for patients is
determined using the average fingertip unit (FTU)
method. This method is calculated as follows:
totalFTU % %BSA * 0.5g/FTU. For the body, excluding the
face and neck, the total FTU is approximately 38, allocated
for TCS application. For the face and neck, the total FTU
is approximately 2.5, designated for TCI application.

For patients continuing or achieving sustained response
to the intervention drugs, we assume a 50% reduction of
resource use for TCS and TCI compared with non-respond-
ers or discontinuers. Notably, patients receiving BSC who
are non-responders do not technically discontinue treatment.
These patients will continue on BSC (i.e., BSC Failure
health state) but achieve lower utility levels due to treat-
ment failure. As treatment for AD is not expected to affect
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Receive Intervention

Patients with
Moderate-to-
Severe AD Who
Failed First-Line
Therapy

Receive BSC

Sustained Response, Enter
Active Treatment (Success)

Active Treatment

State
Achieve EASI7S, Remain ®
on Intervention
Unsustained Response,
Enter BSC (Failure) State
®
Fail to Achieve EASI7S,
Discontinue to BSC Enter BSC (Failure) State
O ®
Sustained Response, Enter
Active Treatment (Success)
State
Achieve EASI75, Remain @
on BSC
Unsustained Response,
Enter BSC (Failure) State
®
Fail to Achieve EASI7S5,
Remain on BSC Enter BSC (Failure) State
O ®

(Success)

BSC
(Failure)

Fig. 1 Short- and long-term model structure. AD atopic dermatitis, BSC best supportive care, EASI-75 Eczema Area and Severity Index 75

mortality, the general population mortality rate informed the

transition to the death state.

2.5 Flares

Patients may experience acute exacerbations of symptoms,
called flares, during the treatment for moderate-to-severe
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AD. The risk of flares may vary depending on the treat-

ment received by a patient. The risk of flares was not an
endpoint in the trials; thus, receipt of rescue medication is
considered a proxy for flares [6, 10, 23]. Rescue medica-
tion was not permitted in the abrocitinib trials [8]. Hence,

as supported by medical experts, we assume patients tak-
ing abrocitinib would have an equal risk of flare as patients



Cost-Effectiveness of Dupilumab and Oral JAK Inhibitors for AD

Table 1 Transition probabilities

Mean SE Distribution Alpha/ Beta/Mu Lower Higher Source
Sigma
Achieve EASI-75 at
Week 16 (%/RR)
Receive intervention/BSC —
Achieve EASI-75
BSC 17.204 0.0391 Beta 16.00 77.00 10.2802 25.4619 BREEZE AD-4[10]
Dupilumab 300 mg* 24475 0.0804 Log-normal 0.895 0.080 2.0906  2.8653 NMA
Abrocitinib 100 mg? 22672 0.0988 Log-normal 0.819 0.099 1.8679  2.7519 NMA
Abrocitinib 200 mg? 2.7271 0.0857 Log-normal 1.003 0.086  2.3055 3.2259 NMA
Baricitinib 2 mg* 1.7103  0.1477 Log-normal 0.537 0.148 1.2805 2.2843 NMA
Baricitinib 4 mg* 1.9257 0.1478 Log-normal  0.655 0.148 1.4413 25729 NMA
Upadacitinib 15 mg* 2.5907 0.0966 Log-normal 0.952 0.097 21439  3.1306 NMA
Upadacitinib 30 mg* 3.0574 0.0933 Log-normal 1.118 0.093 25466  3.6707 NMA
Unsustained response between
Week 17 and Week 52 (%)
Achieve EASI-75 — Unsustained
Response
BSC 22.797 0.0435 Beta 21.20 71.80 149014 31.7973 BREEZE AD-4[10]
Dupilumab 300 mg 3.030 0.0172 Beta 3.00 96.00 0.6358  7.1782 LIBERTY AD CHRONOS [6]
Abrocitinib 100 mg 8.304 0.0162 Beta 24.00 265.00 54122 11.7422 AD UP [14]
Abrocitinib 200 mg 3.136 0.0103 Beta 9.00 278.00 1.4488  5.4370 AD UP [14]
Baricitinib 2 mg 14.716 0.0260 Beta 27.22 157.78 9.9988 20.1499 BREEZE AD-4 [10]
Baricitinib 4 mg 16.421 0.0386 Beta 15.11 76.89 9.6245 24.6031 BREEZE AD-4[10]
Upadacitinib 15 mg 8.304 0.0162 Beta 24.00 265.00 54122 11.7422 AD UP [14]
Upadacitinib 30 mg 3.136 0.0103 Beta 9.00 278.00 1.4488  5.4370 AD UP [14]
Monthly discontinuation after 1
year (%)
Active Treatment (Success) — BSC
(Failure)
BSC 4.578 0.0217 Beta 4.26 88.74 1.3449  9.6376 BREEZE AD-4 [10]
Dupilumab 300 mg 1.727 0.0127 Beta 1.83 104.17 0.1830 49175 LIBERTY AD CHRONOS [6]
Abrocitinib 100 mg 1911 0.0079 Beta 5.73 294.27 0.6860  3.7337 AD UP [14]
Abrocitinib 200 mg 1.263 0.0065 Beta 3.75 293.25 0.3271 2.8073 AD UP [14]
Baricitinib 2 mg 3.150 0.0128 Beta 5.83 179.17 1.1504  6.1005 BREEZE AD-4[10]
Baricitinib 4 mg 2.854 0.0174 Beta 2.63 89.37 0.5152  7.0879 BREEZE AD-4 [10]
Upadacitinib 15 mg 1911 0.0079 Beta 5.73 294.27 0.6860  3.7337 AD UP [14]
Upadacitinib 30 mg 1.263 0.0065 Beta 3.75 293.25 0.3271 2.8073 AD UP [14]

SE standard error, BSC best supportive care, RR risk ratio, NMA network meta-analysis, EASI Eczema Area and Severity Index

# The values in the mean column represent the RR that is applied to the proportion reported for BSC. The values in the SE column represent the

log-transformed SEs

taking upadacitinib. Patients with an episode of flare are
prescribed high-potency TCS for 14 days, with the daily
dosage of high-potency TCS determined using the same
method as that for low-to-mid potency TCS. However, we
also assume that such patients continue to use low-to-mid
potency TCS at the same time. Of these patients, 50% are
assumed to require additional second-line treatment with
prednisolone. This stepwise regimen was recommended

by medical experts from several public health institutions.
Flares are included in the model as an additional cost. The
proportion of flares for each strategy are available in ESM 2.

2.6 Treatment-Emergent Adverse Events

Allergic conjunctivitis, infectious conjunctivitis, herpes zos-
ter infection and herpes simplex infection were selected by
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medical experts as key TEAE:s. In trials where conjunctivitis
was unspecified, we assumed that the number of allergic
and infectious conjunctivitis cases is 50% of the total con-
junctivitis cases, based on epidemiological evidence indicat-
ing that allergic and infectious conjunctivitis are among the
most common forms of conjunctivitis encountered in clinical
practice. The number of cases of herpes simplex infections
was not reported in the upadacitinib trial; hence, we assume
patients taking upadacitinib will have an equal risk of herpes
simplex infection as patients taking abrocitinib, as supported
by medical experts. Patients with allergic conjunctivitis are
treated with sodium cromoglycate eyedrops, while patients
with infectious conjunctivitis are treated with gentamycin
eyedrops. Patients with infectious conjunctivitis are assumed
to have a 50% chance of being referred to the ophthalmolo-
gist. The regimen for treating herpes zoster and herpes sim-
plex infection involves taking acyclovir 800 mg and 400 mg,
respectively. The proportion of TEAEs for each strategy is
available in ESM 2.

2.7 Cost and Resource Use

The average costs of drugs and services were derived from
three public healthcare institutions, each from one of the
three public healthcare clusters in Singapore. These costs
include drug acquisition costs, drug administration costs (for
patients taking dupilumab, an injectable biologic drug), con-
comitant medication costs (e.g. TCS), healthcare resource
use costs, cost of managing flares, and cost of managing
TEAEs. The listed prices of the drugs and services were
obtained from the pricing databases of each institution.
These prices were provided by the heads of department
from the respective institutions, ensuring access to accurate
and up-to-date pricing information. The average cost was
subsequently calculated by aggregating the listed drugs and
services from the three institutions. All costs are reported in
Singapore dollars and were based on 2022 price levels (S$1
= US$0.7255 = €0.6896).

The cost of acquiring the intervention drugs is deter-
mined based on dosage. Upadacitinib 30 mg was unavailable
locally at the evaluation stage, therefore its average cost was
unknown. Given the similar pricing of high and low doses
of abrocitinib and baricitinib, we extrapolated a similar cost
structure to both upadacitinib doses. A scenario analysis was
performed to address the uncertainty surrounding the pric-
ing of upadacitinib 30 mg, assuming a price 1.5 times that
of upadacitinib 15 mg. Drug administration expenses are
factored in solely for patients prescribed dupilumab.

Patients also receive concomitant medications such as
emollients, low-to-mid potency background TCS and TCI.
Emollients are universally used among patients, irrespective
of disease severity, thus their cost is omitted from the model
as it would offset across the strategies. Given the diverse
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range of prescribed low-to-mid potency TCS formulations,
the average cost across all variants is employed in the model.
The quantity of TCS and TCI applied by each patient was
estimated using the FTU guidelines of the National Eczema
Association [24], assuming a 50% affected body surface area
(BSA) for each patient.

Other healthcare resources include laboratory tests, doc-
tor’s consultations, rescue therapy for flares and treatment
medication for TEAEs. Patients receiving systemic therapies
must undergo several laboratory tests before treatment initia-
tion and as part of routine clinical monitoring while under-
going treatment. The type and frequency of each laboratory
test for different treatments were modelled after the guide-
lines of a local public healthcare institution. We assume that
no patient would discontinue treatment due to unsatisfactory
laboratory results, and that compliance to treatment and con-
sultation is 100%.

2.8 Utility Values

This study uses health state utilities that assume a com-
mon baseline utility for both interventions and comparator,
common utility values for response to any interventions,
and a separate utility to reflect response to BSC treatment.
Treatment-specific utilities added complexity to the model;
hence health-state utilities were preferred in alignment to the
TA814 assumption [25].

The values used are derived from TA534 (dupilumab
HTA appraisal) [26], which reported that the utility val-
ues were derived from pooled data from all patients in
the LIBERTY AD CAFE trial [7] and a subset of patients
from LIBERTY AD CHRONOS [6]. The report notes that
the mean EASI and pruritus scores were slightly higher
in the pooled populations, while the mean DLQI and
EQ-5D scores were slightly lower. These findings may
be attributed to these patients’ history of intolerance to,
contraindication to, or inadequate response to systemic
immunosuppressive therapies. Patients receiving BSC are
assigned utility values based on their response to inter-
vention, with responders given a higher value and non-
responders given a lower value. Those who respond and
maintain their response to the intervention are assigned a
utility value corresponding to their response. In contrast,
non-responders are assigned the same utility value as non-
responders in BSC.

Disutilities associated with TEAEs and flares are
already accounted for in the EQ-5D data from the trials,
as specified in TA814 [25] and TA534 [26]. Hence, disu-
tilities for TEAEs and flares are not considered to avoid
double counting, given the use of trial-based utilities and
data collection frequency.
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Table 2 presents the cost and health utility values used in
the model, while Table 3 presents the resource use frequency
for each strategy.

2.9 Sensitivity Analyses

One-way sensitivity analyses (OWSA) are employed to
assess the influence of feasible changes in individual input
parameters on the model. Given the extensive parameter set,
the OWSA primarily focuses on pivotal parameters, includ-
ing the probability of achieving EASI-75 at week 16, the
probability of unsustained response and discontinuation,

Table 2 Cost and utility values

and utility values. However, all parameters with uncertainty
are varied in a probabilistic sensitivity analysis (PSA) com-
prising 10,000 Monte Carlo simulations.

For parameter distributions, the probabilities of achieving
EASI-75, discontinuation, flares, TEAEs and utilities follow
beta distributions, while the relative risks of patients achiev-
ing EASI-75 for intervention drugs adopt a log-normal dis-
tribution. Given the absence of standard errors for utility
values in the trials, TA814 [25] and TA534 [26], we assume
that the standard error equates to 5% of the mean utility val-
ues. The utilities derived from treatment success from BSC
of the intervention are treated as incremental utilities. This is

Mean SE Distribution Alpha  Beta Lower Higher Source
Drug cost (S$)
Dupilumab 300 mg, per syringe 1068.67 Public health institutions
Abrocitinib 100 mg, 200 mg, per pill 71.59 Public health institutions
Baricitinib 2 mg, 4 mg, per pill 17.69 Public health institutions
Upadacitinib 15 mg, 30 mg, per pill 55.82 Public health institutions
Administration of dupilumab, per admin- 20.06 Public health institutions
istration
Concomitant treatment cost (S$)
Low-to-mid potency TCS, per 15 g tube 2.07 Public health institutions
TCI, per 10 g tube 72.07 Public health institutions
Consultation fees (S$)
Dermatologist consultation, per visit 102.99 Public health institutions
Pharmacist clinic, per visit 38.25 Public health institutions
Opthamologist consultation, per visit 151.68 Public health institutions
Screening test costs (S$)
Full blood count, per test 31.66 Public health institutions
Liver function test, per test 72.77 Public health institutions
Renal panel test, per test 60.04 Public health institutions
Lipid panel test, per test 40.74 Public health institutions
Creatinine phosphokinase test, per test 95.60 Public health institutions
Hepatitis screening test, per test 117.15 Public health institutions
Tuberculosis QuantiFERON test, per test 246.50 Public health institutions
Managing TEAE:s cost (S$)
Sodium cromoglycate 2%, per 10 mL bottle 3.51 Public health institutions
Gentamycin 14 mg/mL, per 10 mL bottle 10.53 Public health institutions
Acyclovir 400 mg, per pill 0.21 Public health institutions
Acyclovir 800 mg, per pill 0.27 Public health institutions
Managing flare cost (S$)
High potency TCS, per 15 g tube 5.51 Public health institutions
Prednisolone 5 mg, per pill 0.14 Public health institutions

Utilities
Utility from no response 0.663 0.033 Beta
0.1340.007 Beta

0.2350.012 Beta

Utility increment from BSC response

Utility increment from intervention
response

136.028  69.143 0.597 0.726 TAS814 [25]
317.345 2050.900 0.121 0.148 TA814 [25]
293.383  955.055 0.212 0.259 TAS814[25]

SE standard error, BSC best supportive care, TCS topical corticosteroid, TCI topical calcineurin inhibitor, TEAEs treatment-emergent adverse

events, S$ Singapore dollars
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Table 3 Resource use frequency

Dupilumab 300 mg Oral JAK inhibitors BSC
Initiation
Full blood count 1 1
Liver function test 1
Renal panel test 1
Lipid panel test 1
Creatine phosphokinase test 1
Hepatitis screening test 1
TB Quantiferon test 1
Weeks 0-16
Drug 10 112
Administration of drug 9
Daily TCS + TCI 112 112 112
Pharmacist visit 1
Dermatologist visit 1 4 2
Full blood count 1 4
Liver function test 4
Renal panel test 4
Creatine phosphokinase test 4
Lipid panel test 4
Weeks 17-52
Drug 18 253
Administration of drug 18
Daily TCS + TCI 253 253 253
Dermatologist visit 2 3 2
Full blood count 2 3
Liver function test 3
Renal panel test 3
Creatine phosphokinase test 3
Monthly after 1 year
Drug 365/168 365/12
Administration of drug 365/168
Daily TCS + TCI 365/12 365/12 365/12
Dermatologist visit 1/4 1/3 1/4
Full blood count 1/4 1/3
Liver function test 1/3
Renal panel test 1/3
Creatine phosphokinase test 1/3
Lipid panel test 1/12
Hepatitis screening test 1/12
TB Quantiferon test 1/12
Flare (per episode)
Dermatologist visit 1 1 1
Daily rescue therapy with high-potency TCS 14 14 14
Rescue therapy with prednisolone 41 41 41
Allergic conjunctivitis (per episode)
Dermatologist visit 1 1 1
Sodium cromoglycate 1 1 1
Infectious conjunctivitis (per episode)
Dermatologist visit 1 1 1
Ophthalmologist visit 1 1 1
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Table 3 (continued)

Dupilumab 300 mg Oral JAK inhibitors BSC

Gentamycin 1 1 1
Herpes zoster (per episode)

Dermatologist visit 1 1 1

Acyclovir 800 mg 50 50 50
Herpes simplex (per episode)

Dermatologist visit 1 1 1

Acyclovir 400 mg 30 30 30

BSC best supportive care, JAK Janus kinase, TCS topical corticosteroid, T7CI topical calcineurin inhibitor, 7B tuberculosis

conducted to ensure that the utility values associated with all
treatment responses consistently surpass the baseline utility
from no response in the sensitivity analysis.

3 Results
3.1 Base-Case Analysis

The study presents its findings using ICERs and dominance
analysis (Table 4). Baricitinib 4 mg shows the most favour-
able ICER at S$60,730/QALY, followed by baricitinib 2 mg
at S$66,842/QALY, when compared with BSC. Conversely,
all other interventions exceed S$100,000/QALY gained
compared with BSC. Upadacitinib 30 mg demonstrates the
highest incremental QALY gain, while baricitinib 2 mg
exhibits the least. No interventions, when compared with
BSC, are below the threshold of S$45,000/QALY.
Considering the mutually exclusive nature of the inter-
ventions, we applied the principle of extended dominance.
A strategy is considered dominated when an alternative
achieves greater QALYSs at a lower cost. Abrocitinib 100 mg,

abrocitinib 200 mg, and dupilumab were all dominated strat-
egies. However, weak dominance occurs when a more costly
strategy is both more effective and has a lower ICER than
the comparator. Baricitinib 2 mg shows an ICER of approxi-
mately S$66,842/QALY gained compared with BSC (i.e.,
the least expensive alternative). Nevertheless, baricitinib
4 mg presents a more favourable ICER of approximately
S$30,000/QALY gained compared with baricitinib 2 mg.
Both upadacitinib 15 mg and upadacitinib 30 mg exhibit
significantly higher ICERs compared with the next least
expensive alternative, indicating them as less cost-effective
options relative to other interventions.

However, it is essential to note that in the scenario where
upadacitinib 30 mg is priced at 1.5 times that of upadacitinib
15 mg, the resultant ICER is S$162,536/QALY compared
with BSC. When compared with the next least expensive
alternative (i.e., abrocitinib 200 mg), the ICER is $$292,753/
QALY (see ESM 3).

Table 4 Base-case results

Total cost (S$)

Total QALY ICER

Compared with Compared

BSC with next

lowest
BSC 12,182 3.1995 - -
Baricitinib 2 mg + TCS 20,818 3.3287 66,842 66,842
Baricitinib 4 mg + TCS 21,589 3.3544 60,730 30,000
Upadacitinib 15 mg + TCS 47,547 3.4875 122,795 195,026
Abrocitinib 100 mg + TCS 52,511 3.4458 163,739 SD
Upadacitinib 30 mg + TCS 57,647 3.6111 110,459 81,715
Dupilumab + TCS 59,416 3.4946 160,061 SD
Abrocitinib 200 mg + TCS 64,620 3.5617 144,776 SD

QALYs quality-adjusted life-years, BSC best supportive care, /CER incremental cost-effectiveness ratio, SD
strong dominance, TCS topical corticosteroid, S$ Singapore dollars
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3.2 One-Way Sensitivity Analyses

Comparing the various strategies against BSC, (1) the incre-
mental utility derived from intervention response, (2) the
probability of achieving EASI-75 with BSC, and (3) the rela-
tive risk of achieving EASI-75 with the interventions emerge
as highly influential parameters across most interventions.

The parameter of incremental utility from intervention
response has the most significant impact on the ICER values
of dupilumab, abrocitinib (100 mg, 200 mg), and upadaci-
tinib (15 mg, 30 mg). The parameter brought about sub-
stantial shifts in ICER, with absolute changes ranging from
22% to 24% among these interventions. Similarly, baricitinib
(2 mg, 4 mg) experiences a notable ICER change of approxi-
mately 26-28% in response to this parameter. However, the
incremental utility from intervention response is not among
the major influential parameters for baricitinib (2 mg, 4 mg).
In fact, the monthly discontinuation after 1 year results in a
significantly larger shift in ICER by approximately 50-55%
for baricitinib (2 mg, 4 mg), driven by the huge magnitude
and uncertainty surrounding this parameter.

While the relative risk of achieving EASI-75 for interven-
tions proves influential across most interventions, its impact
is relatively less pronounced for dupilumab, owing to the
lower uncertainty around the relative risk ratio associated
with this intervention.

The results for the OSWA and the tornado diagrams strat-
ified by intervention are available in ESM 4.

3.3 Scenario Analysis

A disaggregated costing analysis revealed that the cost of
drugs is the biggest driver of cost in the model (see ESM 5);
thus, two scenarios are considered where the cost of the
intervention drugs are reduced. A 30% reduction in the
price of all intervention drugs reduces the ICER signifi-
cantly when compared with BSC. However, all ICERs are
still above the implicit threshold of S$45,000/QALY. We
also considered a scenario where the cost of the intervention
drugs are matched to the lowest-priced drug (i.e. baricitinib),
with the aim of exploring potential cost-saving implications
in a budget-constrained environment. This resulted in a dras-
tic change in ICER ranking, with the top three cost-effective
interventions compared with BSC being dupilumab, upa-
dacitinib 30 mg and abrocitinib 200 mg, respectively (see
Table 5).

3.4 Probabilistic Sensitivity Analysis
The acceptability curve represents the probability of an
intervention being cost-effective at different willingness-

to-pay thresholds (Fig. 2). The graph indicates that at the
implicit threshold of S$45,000/QALY, baricitinib 2 mg and
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baricitinib 4 mg have a 1% and 4% probability of being cost-
effective, respectively, compared with BSC. For all other
interventions, none of the iterations meet the criteria for
cost-effectiveness at this threshold. When the threshold is
increased to S$75,000/QALY, baricitinib 2 mg and barici-
tinib 4 mg have a 28% and 60% probability of being cost-
effective, respectively, compared with BSC. Similarly, none
of the iterations meet the criteria for cost-effectiveness at
this threshold for all other interventions.

4 Discussion

This study assessed the cost-effectiveness of dupilumab,
abrocitinib, baricitinib and upadacitinib individually in
combination with TCS/TCI using BSC as a comparator for
treating moderate-to-severe AD. Among the interventions,
baricitinib 4 mg has the lowest ICER value of S$60,730/
QALY gained, followed by baricitinib 2 mg with an ICER
of S$66,842/QALY gained when compared with BSC.
Meanwhile, the other interventions (dupilumab, abrocitinib
100 mg and 200 mg, upadacitinib 15 mg and 30 mg) exceed
S$100,000/QALY gained. When compared with the major-
ity of previously subsidised drugs in Singapore (with ICERs
ranging from dominance to S$45,000/QALY gained), the
current interventions, at their existing price points, may not
be considered cost-effective due to their higher incremental
costs and relatively modest incremental QALYs.

It is noteworthy that several of the interventions under
consideration have received reimbursement recommenda-
tion within other jurisdictions. Dupilumab, for instance, has
obtained approval for monotherapy use in both the UK [26]
and Australia [27], while in Canada [28], it is endorsed for
reimbursement in combination with TCS. In the UK and
Canada, dupilumab is recommended for patients who have
not responded to at least one other systemic therapy. Simi-
larly, upadacitinib has secured reimbursement approval for
monotherapy in the UK [25] and Australia [29], and for
combination therapy with TCS in Canada [30]. Abrocitinib,
currently approved for reimbursement exclusively in the UK
[25], is indicated for both combination and monotherapy
use.

In contrast, while baricitinib has been deemed cost-effec-
tive and has been approved for monotherapy in the UK [31],
it is not recommended for use in Australia [32]. This deci-
sion stems from disparities in treatment response magnitude
compared with dupilumab, coupled with concerns regarding
the relatively inferior safety profile of baricitinib. In many
instances, the ICER compared with BSC may appear rela-
tively favourable; however, the lack of publicly available list
prices and disaggregated cost breakdowns from such reports
pose challenges in identifying the primary cost drivers in
such analyses.
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Table 5 Scenario analysis Total cost (S$) Total QALYs ICER
results
Compared Compared
with BSC with next
lowest
30% reduction in price
BSC 12,182 3.1995 - -
Baricitinib 2 mg + TCS 18,897 3.3287 51,974 51,974
Baricitinib 4 mg + TCS 19,463 3.3544 47,005 22,023
Upadacitinib 15 mg + TCS 37,664 3.4875 88,479 136,747
Abrocitinib 100 mg + TCS 41,118 3.4458 117,483 SD
Upadacitinib 30 mg + TCS 44,786 3.6111 79,213 57,621
Dupilumab + TCS 45,094 3.4946 111,528 SD
Abrocitinib 200 mg + TCS 49,648 3.5617 103,440 SD
Cost matched to lowest costing drug

BSC 12,182 3.1995 - -
Baricitinib 2 mg + TCS 20,818 3.3287 66,842 66,842
Baricitinib 4 mg + TCS 21,589 3.3544 60,730 30,000
Dupilumab + TCS 22,738 3.4946 35,771 8195
Abrocitinib 100 mg + TCS 23,920 3.4458 47,657 SD
Upadacitinib 15 mg + TCS 25,044 3.4875 44,660 SD
Abrocitinib 200 mg + TCS 27,045 3.5617 41,035 64,188
Upadacitinib 30 mg + TCS 28,363 3.6111 39,312 26,680

QALYs quality-adjusted life-years, BSC best supportive care, /CER incremental cost-effectiveness ratio, SD
strong dominance, TCS topical corticosteroid, S$ Singapore dollars
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Fig.2 Cost-effectiveness acceptability curves. S$ Singapore dollars, BSC best supportive care
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In our analysis, apart from the increment utility and rela-
tive efficacy of the interventions, the cost of the intervention
drugs remains the most significant cost driver, accounting
for approximately 68-93% of the total cost for patients on
maintenance in the Markov model. In terms of the incremen-
tal cost compared with BSC, the intervention cost accounts
for approximately 78-97% of the total cost for patients on
maintenance in the Markov model. It is thus unsurprising
that a 30% reduction in the cost of all intervention drugs
reduced the ICER by 22-30%. Further benchmarking the
cost of all intervention drugs to the lowest costing drug (i.e.
baricitinib) reduced the ICER even further, allowing for effi-
cacious drugs such as dupilumab, abrocitinib 200 mg and
upadacitinib 30 mg to be cost-effective based on the implicit
threshold of S$45,000/QALY.

Numerous published studies have similarly identified the
price of the intervention as a key determinant of cost-effec-
tiveness [33]. Interestingly, a majority of the studies focus-
ing on dupilumab, abrocitinib, and baricitinib have reported
them to be cost-effective compared with BSC [33]. However,
upon closer examination of drug cost utilities across vari-
ous studies, a notable trend emerges, i.e. drug costs in Sin-
gapore appear to be comparatively higher when compared
with similar studies conducted in Spain [34], Japan [35],
Italy [36], and the United States [37]. These disparities could
include variations in healthcare system structures, pricing
regulations, and negotiation strategies between pharmaceuti-
cal companies and healthcare payers across different coun-
tries. Thus, these observations underscore the importance
of exploring alternative strategies to enhance cost-effec-
tiveness, such as value-based pricing and other negotiation
strategies with pharmaceutical manufacturers.

While all interventions are found to exceed the cost-
effectiveness threshold of S$45,000/QALY, caution should
be exercised when drawing conclusions due to the small
incremental QALY and the inherent limitations of our
analysis. AD is a complex disease, with multiple instru-
ments used to measure disease severity and treatment
effectiveness. Although we used the EASI scale to deter-
mine treatment success in our model, it is not a catch-all
outcome. For example, patients with localised moderate-
to-severe lesions may have low EASI scores but high
SCORing Atopic Dermatitis (SCORAD) scores, which are
not accounted for in our analysis. Additionally, the sever-
ity of pruritus, which can significantly impact sleep and
quality of life, was not captured in the EASI score. Ide-
ally, a composite score such as RECAP (Recap of Atopic
Eczema) [38] or ADCT (Atopic Dermatitis Control Tool)
[39] combining EASI with other outcomes measuring
quality of life, such as DLQI or POEM, would provide
a more comprehensive assessment of the interventions’
benefits. However, such data were unavailable, limiting
the scope of our analysis. Therefore, while the incremental
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cost and QALY of the intervention drugs compared with
BSC may be large and small, other clinical impacts beyond
EASI should also be considered.

Moreover, our study is constrained by the data available
in the published RCTs. The reliance on unconditional treat-
ment discontinuation, due to the absence of conditional
treatment discontinuation data, may lead to overestimating
treatment failure and withdrawal rates. Consequently, this
inflationary effect impacts the ICER, potentially portray-
ing the interventions as not cost-effective compared with
the comparator. Since the long-term discontinuation rate
is derived from unconditional treatment discontinuation
data between week 16 and week 52, the overestimation of
treatment failure and withdrawal extends to the long-term
model. As a result, the calculated ICER values might deviate
from real-world dynamics. Presently, only long-term safety
and effectiveness data are available for dupilumab. Future
investigations should endeavour to incorporate conditional
discontinuation information and evidence-based long-term
outcomes wherever feasible. Additionally, the model does
not account for treatment sequencing, as patients may try
different treatment options if they do not respond to their
initial treatment. While incorporating treatment sequencing
may enhance the model’s ability to mirror real-world clinical
practices, it introduces additional complexity to the model.
It is also important to note that reliable data on treatment
sequencing are currently unavailable for integration into the
model.

Lastly, while the utility values utilised in our analysis
were derived from UK NICE appraisals, specifically TA814
[25] and TA534 [26], it is important to recognise that utility
values may vary across different populations, and thus may
not fully capture the preferences and health-related quality
of life of the Singaporean population. This limitation could
introduce uncertainty into our analysis, particularly in terms
of the generalisability to the local setting. We acknowledge
this limitation and recommend cautious interpretation of the
findings. Future studies incorporating locally derived utility
values would be beneficial to enhance the robustness and
applicability of cost-effectiveness analyses in our setting.

5 Conclusion

This study focused on assessing the cost-effectiveness of
new treatments for moderate-to-severe AD in Singapore. We
found that baricitinib 4 mg has the most favourable cost-
effectiveness compared with BSC, but was however not cost-
effective at the S$45,000/QALY threshold. Other treatment
strategies such as abrocitinib, baricitinib 2 mg, dupilumab,
and upadacitinib have even higher ICERs, indicating they
may also not be cost-effective. Further analyses, including
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disaggregated cost analysis and sensitivity analysis, high-
lighted the significant impact of intervention drug prices on
cost-effectiveness. Lowering the prices of these drugs could
substantially improve their cost-effectiveness, especially for
treatments demonstrating significantly greater efficacy than
BSC.

Given the high cost of these drugs and the existing data
limitations and uncertainties, we suggest exploring perfor-
mance-based risk-sharing agreements between drug manu-
facturers and payers. Such agreements could help manage
the financial risks associated with high drug costs, and
uncertainty regarding long-term effectiveness and safety.
By sharing these risks, manufacturers and payers can work
together to ensure fair access to effective treatments while
effectively managing healthcare costs. Moving forward,
we encourage further research and collaborative efforts to
address these limitations and uncertainties in modelling and
healthcare policy. By doing so, we can strive to optimise
patient outcomes and allocate healthcare resources more
effectively in the management of AD.
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